Background: American Heart Association/American Stroke Association guidelines recommend initiating treatment with IV tissue plasminogen activator (tPA) in acute ischemic stroke patients without suspected coagulopathy prior to availability of clotting results; however, little or no data support this practice. We sought to identify how often blood clotting abnormalities were responsible for withholding IV tPA at our institution. . All patients underwent clinical evaluation by a neurologist, diagnostic neuroimaging, and laboratory testing on admission. We classified patients with absolute contraindications to IV tPA as ineligible, and those with warnings/relative contraindications or potentially treatable factors as potentially eligible.
while clotting results are pending. 1 However, there are no data cited to support this practice and to our knowledge, little or no reported data support this practice. 24, 25 We sought to identify how often the detection of blood clotting abnormalities was the critical reason responsible for withholding IV tPA at our institution.
METHODS Patient characteristics. We conducted a retrospective review of 2,872 prospectively enrolled patients at our institution as part of the Get With the Guidelines Stroke (GWTG-S) (January 1, 2003, to April 1, 2008) . Patient characteristics, clinical presentation, contraindications, or warnings documented as the reason for withholding IV tPA were abstracted, as per GWTG-S. All patients underwent clinical evaluation by a neurologist, diagnostic neuroimaging, and laboratory testing on admission to the Emergency Department (ED). Time window of presentation was used as a principal inclusion criterion for this study. Among those who arrived at our hospital within 3 hours of symptom onset but were not treated with IV tPA, patients with absolute contraindications as listed in the Food and Drug Administration drug label or consensus guidelines were classified as ineligible for IV tPA. These reasons included prior stroke or serious head trauma within past 3 months (defined as "recent"); known history of intracranial hemorrhage (ICH) or aneurysm; symptom suggestive of subarachnoid hemorrhage (SAH); history of gastrointestinal or urinary hemorrhage in previous 21 days or evidence of active bleeding on examination (defined as "internal bleeding"); seizure at symptom onset with residual postictal neurologic impairment; major surgery in the previous 14 days or acute trauma on examination (defined as "recent surgery/trauma"); and coagulopathy (including international normalized ratio [INR] Ն1.7, abnormal activated partial thromboplastin time [aPTT], or platelet count Յ100,000/L).
Patients ineligible for IV thrombolysis were classified as having either "suspected" or "unsuspected" coagulopathy. Patients were classified as "suspected coagulopathy" if they were taking oral anticoagulants, had received heparin in the previous 48 hours, or had a known medical condition predisposing them to a bleeding diathesis (e.g., thrombocytopenia, end-stage liver disease, hematologic malignancy), whereas patients without the above conditions but who were discovered to have abnormal laboratory clotting values during the ED evaluation for acute stroke symptoms were classified as "unsuspected" coagulopathy.
The remaining patients who were without an absolute contraindication were classified as "potentially eligible." These were those with warnings or relative contraindications (e.g., stroke severity too severe, stroke severity too mild, rapidly improving symptoms, advanced age, life expectancy less than 1 year), or with potentially treatable conditions (poorly controlled hypertension defined as sustained systolic blood pressure Ͼ185 mm Hg and/or diastolic blood pressure Ͼ110 mm Hg despite best medical treatment) or potentially modifiable factors (inability to determine patient eligibility, family or patient refusal of treatment, delay in arrival precluding timely treatment, in-hospital delay, unrecorded contraindications).
While we had no prespecified clinical criteria with respect to minimum NIH Stroke Scale (NIHSS) threshold for treatment eligibility, our approach to the acute stroke patient has been to treat those patients who have "a significant neurologic deficit expected to result in long-term disability." In practice, we treated patients with NIHSS Ն4, and among those with NIHSS Ͻ4, we treated those with isolated, severe aphasia, cannot ambulate independently, or in whom we did not "anticipate ability to discharge to home" due to the stroke deficits.
Standard protocol approvals, registrations, and patient consents. All acute stroke patients at our institution are entered in the GWTG-Stroke quality improvement database during their admission. Because de-identified data are collected for quality improvement purposes, only data available in the medical record are abstracted and our institutional review board has waived the need for informed consent and approved the analysis of our GWTG-Stroke database.
Statistical methods. Continuous variables were analyzed us-
ing t test or Wilcoxon rank sum test, as appropriate. Fisher exact test was used to analyze proportions. Significance level for all analyses was set at p Ͻ 0.05.
RESULTS
Of 2,872 patients recorded as part of our prospective acute stroke registry, we excluded from analysis patients with TIA (n ϭ 317), those who arrived to our center within 3 hours of symptom onset but were treated with IV tPA at an outside hospital (n ϭ 30) or as inpatients (n ϭ 23), and those without explicit time last seen well (n ϭ 167). Of 1,865 patients who presented to our hospital beyond 3 hours after symptom onset, 148 (7.9%) had received IV tPA at the referring hospital. Of the 2,335 patients we considered for final analysis, 470 (20.1%) patients presented to our ED within 3 hours from the symptom onset and formed the cohort for analysis in this report. Baseline clinical characteristics of these 470 patients are reported in table 1. The cohort was predominantly Caucasian (94%), with African American subjects representing 4.5% and Asian subjects 1.5% of all subjects. The patients who received IV tPA had higher NIHSS score ( p Ͻ 0.0001) on admission but otherwise did not differ significantly from the group that did not receive tPA.
Among the patients who presented to our ED within 3 hours from symptom onset, 147 (31.3%) received IV t-PA in our ED, 102 (21.7%) had an absolute contraindication, and 221 (47%) had a reason to consider withholding tPA (figure).
Within the group with absolute contraindications to IV tPA, the most common reason for exclusion was abnormal brain imaging on unenhanced head CT findings (n ϭ 48/102, 47.1%), followed by coagulopathy (n ϭ 30/102, 29.4%), history of ICH and/or evidence of aneurysm (n ϭ 8/102, 7.8%), recent trauma or major surgery (n ϭ 7/102, 6.8%), recent stroke or head trauma (n ϭ 4/102, 3.9%), evidence or history of internal bleeding (n ϭ 4/102, 3.9%), or seizure at onset (n ϭ 1/102, 0.9%).
Among the patients who were potentially eligible for IV thrombolysis but in whom a reason to withhold IV tPA was discovered, the majority presented with symptoms deemed to be too mild or who were rapidly improving (n ϭ 136/221, 61.5%). The remaining patients were excluded due to delay in arrival (n ϭ 48/221, 21.7%), being unable to determine eligibility (n ϭ 8/221, 3.6%), having difficulty in controlling hypertension (n ϭ 6/221, 3.6%), family refusing the treatment (n ϭ 6/221, 2.7%), in-hospital delay (n ϭ 4/221, 1.8%), deemed to have symptoms that were too severe (n ϭ 2/221, 0.9%), advanced age (n ϭ 2/221, 0.9%), or life expectancy less than 1 year (n ϭ 2/221, 0.9%). There were no documented reasons for nontreatment recorded in 7/221 patients (3.2%) in our database who were potentially eligible for IV tPA treatment but did not receive it.
A total of 30/470 (6.4%) of potential thrombolysis patients were discovered to have INR Ն1.7 or platelets Յ100,000/L. Of these 30 patients, 28 (93.3%) were suspected a priori due to known coagulopathy from medication or illness. Only 2/470 (0.4%, 95% CI Ϫ0.16, 1.02) patients had an unsuspected coagulopathy that ultimately prevented thrombolysis. One patient had an elevated PT/INR in the setting of longstanding alcohol abuse but no evidence of abnormal liver function (as measured by liver function tests). A second patient was discovered to have previously unrecognized thrombocytopenia (platelet count Յ100,000/L), possibly due to undiagnosed myelodysplastic disorder. There were no patients in our cohort with abnormal markers of coagulation due to antiphospholipid syndrome, abnormal liver function tests, end-stage renal disease and/or on hemodialysis, metastatic cancer, recent bleeding of any type, or shock/sepsis (table 2) . DISCUSSION We found that patients without suspected coagulopathy represent a minor fraction of all patients who present within a time window for thrombolytic treatment for acute ischemic stroke. These data provide evidence to support the current American Heart Association/American Stroke Association guidelines 1 to initiate IV tPA treatment without a delay and before clotting values are available. Under these circumstances, the benefits of prompt administration of IV tPA in patients without suspected coagulopathy may greatly outweigh the risk of potential bleeding complications. 2,10-12 Furthermore, advancement of other strategies such as the use of point of care fingerstick devices for measurement of blood chemistries and coagulation values may be warranted in reducing time to IV tPA administration.
Other authors proposed a similar approach in an attempt to avoid unnecessary in-hospital delays in initiation of acute thrombolysis for ischemic stroke in patients who are otherwise eligible for treatment. Several models were compared 24 including the one using only the historic information suggestive of abnormal clotting values in order to predict elevated PT/PTT. These were history of warfarin or heparin/ heparinoid use, history of antiphospholipid syndrome, and/or abnormal liver function test. This model alone predicted with 100% sensitivity which acute stroke patients in the emergency department had elevated PT/PTT. While the authors did not advocate for elimination of coagulation testing in the process of establishing eligibility for IV tPA treatment, they suggested that in absence of historical information suggesting a clotting abnormality, the likelihood of coagulopathy is negligible, and that delay in administration of thrombolytic due to the laboratory testing could be eliminated.
Similarly, the utility of delaying thrombolytic therapy to check platelet counts has been evaluated. 25 The authors have argued that while the risk of harm with treatment without platelet information available may be as high as 3 per 1,000 patients, the potential benefit of early administration of the thrombolytic in ischemic stroke is far greater. Laboratory testing, including determination of the platelet count, is frequently cited as a cause of treatment delay because it requires multiple steps-from veni- Table 1 Clinical characteristics of patients with acute ischemic stroke who presented to our emergency department within 3 hours of symptom onset or last seen well (n ‫؍‬ puncture to sample analysis and communication of results-each of which is fraught with potential for introducing unnecessary delays in the process. Given that no reliable data on absolute risk of administering IV tPA to patients with thrombocytopenia exist, 25 the authors suggest that the benefits of earlier thrombolysis outweigh the risks of bleeding complications when treating a patient with unsuspected thrombocytopenia. They also enforce the necessity of rapid laboratory testing that would, otherwise, allow thrombolytics to be discontinued promptly in those patients who subsequently were discovered to be thrombocytopenic.
Despite the overall recent improvements in management of acute ischemic stroke, the rates of acute thrombolysis remain unacceptably low. 12 Among the estimated 30%-40% of patients who might be receiving IV tPA upon arrival to the treatment center, 16 only a significantly smaller proportion of acute ischemic stroke patients actually get the treatment. The reasons for exclusions among the patients who arrive within 3 hours of symptom onset are frequently avoidable 13, 16, 20, 26 and include in-hospital delays. In our study, 31.3% of patients who presented within 3 hours from last seen well received IV thrombolysis. The patients who were perceived to be potentially eligible for IV tPA (221/323) were those with warnings, relative contraindications, or with potentially treatable or modifiable factors (68%), whereas those determined as ineligible constituted 32%.
Our study has several limitations. It is a retrospective review of prospectively collected data; thus, we were limited in our ability to review information that was not documented at the time of decision-making. In addition, it is possible that patients with other absolute contraindications did not have additional reasons for nontreatment specified. However, these limitations likely have little impact on our primary finding. Furthermore, these data are based on the experience of a single large, academic referral stroke center with established practice parameters and a laboratory that consistently returns coagulation profile (table 3) ; however, these goal times are achieved, on average, 79% (77%-84%) of the time and could still contribute to delaying IV tPA treatment. We do not have the data to report on whether these laboratory delays ever resulted in treatment delays at our institution, but we do know that no patients were unable to receive drug due to the these delays since this reason for nontreatment is an available option to select in our database. While the efforts to decrease arrival time to the hospital for patients with acute ischemic stroke are still a priority, the determination of tPA eligibility must be expedited. This is critical because every additional minute delay in initiation of IV tPA results in the "death of 1.9 million neurons, 14 billion synapses, and 12 km (7.5 miles) of myelinated fibers." 27 Therefore, reducing delays in administration of IV tPA in patients with unsuspected coagulopathy may be a powerful step in improving the overall benefit of acute thrombolysis. Both national guidelines and the rt-PA Food and Drug Administration approved label or "package insert" indicate that "treatment can be initiated prior to the availability of coagulation study results." 28 Our data now provide evidence for this practice recommendation. While the risk of harm due to initiating IV tPA treatment prior to information on potential coagulopathy may be as high as 4 -10 per 1,000 patients (given point estimate 0.4%, 95% CI Ϫ0.16, 1.02), the benefit of early administration of IV tPA may be up to 333 per 1,000 patients. 29 These data should reassure clinicians that the benefits of early administration greatly outweigh the risk of harm due to an unsuspected bleeding diathesis. 
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